Summary In a hospital-based case -control study of endometrial cancer undertaken in Athens (1992 -94), 145 women residents of Greater Athens with confirmed cancer of the endometrium were compared with 298 control patients with orthopaedic diseases. Personal interviews were conducted in the hospital setting, and diet was assessed using a validated semiquantitative food frequency questionnaire. Nutrient intakes for individuals were calculated by multiplying the nutrient intake of a typical portion size for each specified food item by the frequency at which the food was consumed per month and summing these estimates for all food items. Data were modelled through logistic regression, controlling for demographic, reproductive and somatometric risk factors for endometrial cancer as well as for total energy intake. No macronutrient was significantly associated with endometrial cancer risk, but increasing intake of monounsaturated fat, mostly olive oil, by about one standard deviation was associated with a 26% risk reduction (odds ratio=0.74; 95% confidence interval 0.54-1.03). Among micronutrients, only calcium intake was significantly inversely associated with endometrial cancer risk, whereas there was evidence against retinol and zinc imparting protection against the disease. With respect to food groups, there was weak and non-significant evidence that vegetables are protective, whereas consumption of pulses was positively associated with disease possibly because they contribute substantially in Greece to energy intake in excess of physical activity-dependent requirements.
The high international variability of endometrial cancer incidence, the increasing incidence of this cancer in less developed countries, the changing disease incidence among migrants (Armstrong and Doll, 1979; Tomatis, 1990; Parkin et al., 1992) and the inability to explain adequately the observed patterns of variation on the basis of established risk factors for the disease have indicated that dietary variables may influence the occurrence of the disease. It has already been shown that obesity is a major risk factor for endometrial cancer (Kelsey et al., 1982; Pike, 1987; Koumantaki et al., 1989) , but there is considerable uncertainty about the role of qualitative aspects of diet. It has been suggested that, in relation to endometrial cancer, a high intake of added fats and oils (La Vecchia et al., 1986) , beans and peas (Levi et al., 1993) , meat, fish and eggs (Levi et al., 1993; Shu et al., 1993; Zheng et al., 1995) , carbohydrates (Armstrong, 1979) , may increase the risk; that a high intake of vegetables and fruits (La Vecchia et al., 1986; Shu et al., 1993) , cereals and whole grain foods (La Vecchia et al., 1986; Potischman et al., 1993) and fl-carotene (Ziegler, 1989; Barbone et al., 1993) may reduce the risk; and that a high intake of proteins (Armstrong, 1979) , total fat (Armstrong, 1979; Barbone et al., 1993 ), vitamin E (Potischman et al., 1993 and ascorbic acid (Shu et al., 1993; Potischman et al., 1993) may be unrelated to risk.
Overall, it appears that no particular dietary factor stands out as being of overwhelming importance, although methodological factors may also have contributed to the divergence of the empirical evidence. We have undertaken a case-control study of the nutritional aetiology of endometrial cancer in Greece by evaluating both food group consumption and nutrient intakes.
Materials and methods
During a 27 month period from 1992 to 1994, 175 women were admitted to the two specialised cancer hospitals in the Greater Athens area (Agios Savas Hospital and Metaxa Hospital) and the Department of Obstetrics and Gynecology of the University of Athens Medical School (Alexandra Hospital) with a histologically confirmed diagnosis of endometrial cancer. There were few refusals and complete, reliable interviews were conducted with 145 of these women (83%). During the same time period, the same interviewers attempted to interview women with bone fractures or other orthopaedic disorders hospitalised in the major accident hospital of Athens (KAT). An attempt was made to frequency match cases and controls in 5 year age categories in a 1: 2 ratio. Of 340 women identified, 42 were unable (seriously ill, communication problems) or unwilling to participate in the study. Therefore, the total number of participating women was 145 cases and 298 controls. An earlier report (Kalandidi et al., 1996) has presented additional details concerning the study design, data collection, comparability of control diagnostic categories and analysis with respect to demographic, somatometric, reproductive and lifestyle variables.
All cases and controls were interviewed in hospital using the same questionnaire. The questionnaire covered demographic, socioeconomic, somatometric, reproductive and lifestyle variables, and also included a validated semiquantitative food frequency questionnaire. Based on an analysis using a series of 12 24 h diet recalls as the standard, the correlation coefficients for data derived from the food frequency questionnaire were around 0.40 for most nutrients and food groups . Specifically, all subjects were asked to indicate the average frequency of consumption, during a period of 1 year, before onset of the present disease, of 115 food items or beverage categories per month, per week or per day. For analysis, the frequency of consumption of different food items was quantified approximately in terms of the number of times per month the food was consumed (Graham et al., 1978; Trichopoulou et al., 1995 (Breslow and Day, 1980) , as ordered quartiles, after adjustment for core variables and energy intake (Willet and Stampfer, 1986) . Nutrient intakes for individuals were estimated by multiplying the nutrient contents of a selected typical portion of each specified food item, by the frequency that the food item was consumed per month and adding these estimates for all food items. Food consumption data were based on a nutrient database developed in Greece by the Department of Nutrition and Biochemistry, Athens School of Public Health (Trichopoulou, 1992) . The portion size estimation was based on the results from previous validation studies (Katsouyanni et al., 1991; Gnardellis et al., 1995) , and the nutrient content was calculated on the basis of Greek recipies (Trichopoulou, 1992) . The macronutrients studied were: protein (g), total fat (g), saturated, monounsaturated and polyunsaturated fat (g) and carbohydrates (g), as well as total energy (kcal). The micronutrients covered were: cholesterol, retinol, f-carotene, riboflavin, vitamin C, calcium, phosphorus, iron, magnesium, zinc, and the potassium, all in milligrams. In order to (Willett and Stampfer, 1986) , calorie adjustments were made in subsequent analyses.
Data on food group consumption and nutrient intake were subsequently modelled through unconditional logistic regression using the SAS statistical package. The effects of several established demographic, somatometric, reproductive and lifestyle risk factors were evident in the present study (Kalandidi et al., 1996) . Thus, a core model was used that included age (10 year groups); schooling (approximate 3 year increments); age at menopause (years, among post-menopausal women); age at menarche (years); number of liveborn children (0, 1, 2, 3, 4+); number of miscarriages; number of induced abortions; history of oral contraceptive use (no, yes); history of menopausal oestrogen use (no, yes); smoking (never, ever); alcohol intake (no or rarely, yes); coffee drinking (cups per day); height (10 cm groups); body mass index (kg m-2); and enery intake (marginal quartiles). The statistical significance of the linear trend in quartiles of consumption of a food group, or in nutrient intake increments approximately equal to the corresponding standard deviation, was tested by dividing the regression coefficient by its standard error to generate a z statistic (Breslow and Day, 1980) . All P-values reported are two-tailed.
Results Table I presents the distribution of women with endometrial cancer and control women according to marginal quartiles of intake of total energy and ten major food groups. These bivariate associations suggest a trend for increasing risk for endometrial cancer only with increasing frequency of consumption of pulses, but these data are not directly interpretable because of confounding by demographic, somatometric, reproductive, lifestyle and possibly other dietary variables. Table II shows multiple logistic regression-derived odds ratios for endometrial cancer in relation to each of the food groups, after adjustment for all non-dietary factors under consideration as well as total energy intake. Again, as in Table I , only consumption of pulses is significantly and positively associated with disease risk. In model 11, all food groups with associations significant at the P<0.25 level were simultaneously introduced into a model, also containing the core non-dietary variables (see footnote to Table II) . Fruits were also included in this model because of the presumed similarity of their biological effects with those of vegetables. There is no evidence of powerful mutual confounding, although the odds ratio for pulses, vegetables and fruits deviate further from the null, whereas the odds ratios for meats and non-alcoholic beverages move closer to the null. Table II) . Only the inverse association with monounsaturated fat is of borderline significance (P=0.08), its strength and significance level persisting in models that included energy intake and all non-nutritional variables and in which several macronutrients were simultaneously introduced. Model 6 represents an illustration of joint evaluation of macronutrients; in order to avoid collinearity, one macronutrient had to be excluded from the model that contained all others as well as total energy intake.
We have further tried to evaluate whether olive oil, which accounts for more than two-thirds of monounsaturated fat intake in Greece, was differently responsible for the inverse association of monounsaturated fats with endometrial cancer, but the study subjects were too few and the range of variation too limited to allow meaningful statistical analysis.
In Table IV we have also attempted to evaluate the association of endometrial cancer with a series of micronutrients after controlling through logistic regression for non- of micronutrients, the positive association of zinc and retinol and the inverse association of calcium persisted but were not always statistically significant.
Discussion
Two lines of evidence suggest that dietary factors play an important role in the aetiology of endometrial cancer. The first line is based on ecological contrasts, secular trends and studies in migrants (Armstrong and Doll, 1975; Tomatis, 1990) , whereas the second is derived from analytical epidemiological investigations that have revealed obesity as a factor of overwhelming importance in the aetiology of the disease (Kelsey et al., 1982; Pike, 1987; Koumantaki et al., 1989) . Several studies using variable research instruments and base populations have explored qualitative aspects of diet but no striking pattern has emerged (Parazzini et al., 1991) . Major concerns in case-control studies include selection and information bias. This study is based on the major academic centres in Athens for both endometrial cancer and orthopaedic disorders, which are considered to have similar catchment areas within the Greater Athens area. However, this is unverifiable, as is the assumption that patients with fractures and other orthopaedic disorders are typical of the general population. On the other hand, selection bias is probably minimal since the well known strong inverse association between parity and endometrial cancer is shown by this study, as are the positive associations with obesity and, to a lesser extent, with other factors (Kalandidi et al., 1996) . Information bias is likely to be minimal in a study of this design, in which cases and controls are interviewed in the hospital wards by experienced health professionals with no knowledge of prior hypotheses regarding diet and endometrial cancer. Lastly, the comprehensive assessment of dietary intake allows control for confounding by energy intake and by intercorrelated nutrients and food groups, as well as for bias due to systematic, across the board under-or overreporting by cases or controls (Willett and Stampfer, 1986; Trichopoulos et al., 1990; Howe et al., 1992) . It may be noted that several major studies on diet and endometrial cancer did not attempt to cover the whole range of dietary components.
None of the results that concern macronutrients is statistically significant but the inverse association of monounsaturated fat with endometrial cancer risk deserves comment. Monounsaturated fat in the Greek diet represents mostly olive oil. Several reports (Martin-Moreno et al., 1994; Trichopoulou et al., 1995) suggest that either monounsaturated fat in general or olive oil per se may convey some protection against breast cancer (which shares with endometrial cancer oestrogen dependence) and conceivably other cancers as well (Tzonou et al., 1993; Fortes et al., 1995) . At this stage, the evidence is too limited to justify recommendations or even mechanistic speculation, but there is clearly a need for further research in this area.
The results for micronutrients should be viewed with even more caution since they were generated in the process of multiple comparisons. Nevertheless, the positive association of both retinol and #-carotene with risk of endometrial cancer argues against these compounds having a beneficial role against endometrial cancer, and this applies also with respect to zinc. The inverse association between calcium and risk for endometrial cancer is biologically more credible as calcium has been invoked directly or indirectly as a preventive factor for other cancers (Garland et al., 1991) .
None of the associations with food groups is statistically significant, with the exception of consumption of pulses, which are part of the staple diet of Greeks. This may reflect the tendency of women who develop endometrial cancer to eat beyond their energy expenditure requirements. Although adjustment for energy intake has been undertaken, unavoidable misclassification of that variable allows substantial room for residual confounding. An inverse association with vegetables has been reported by several authors (La Vecchia et al., 1986; Barbone et al., 1993; Shu et al., 1993) and receives some support in the finding of this study.
In conclusion, the results of the present study provide some support for hypotheses that intakes of vegetables, monounsaturated fats mostly in the form of olive oil, and dietary calcium reduce the risk for endometrial cancer and suggest that vitamin A and fl-carotene are not protective. The weak evidence for a role of qualitative aspects of diet in the aetiology of endometrial cancer contrasts sharply with the existing overwhelming evidence that energy intake in excess of activity requirements, which in early life would be reflected in excess height and in later life would lead to obesity, is a causal factor in the aetiology of this disease.
